Technology Need:

The characterizationof contaminated soils for heavy metds
canbe expendve and time consuming due to soil sampling
procedures, the high number of samples required to
effectivdly evauate a ste, and the utilization of |aboratory
chemica andyds techniques. The present laboratory
methods of evauating environmenta samples offer high
sengtivity and the ability to evduate multiple chemicds, but
thetime and cost associated with such methods often limit
their effectiveness. The need exigts for an economicaly
feasble, red-time, in Stu system for the mapping of heavy
meta contaminated soils.

Technology Description:

Science and Enginesring Associates, Inc. (SEA) has
developed an integrated fiber optic sensor/cone
penetrometer system to anayze the heavy-metal's content
of the subsurface. This Ste characterization tool used the
penetrometer to deploy an optical fiber chemical sensor
whichisbased onlaser induced breakdown spectroscopy
(LIBS).
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Subsurface Heavy Metal Detection System

Fiber Optic/Cone Penetrometer
System for Subsurface Heavy
M etals Detection

In LIBS, a pulse from a high-energy laser, typicaly a
Nd:YAG (Neodymium: Y ttrium Aluminum Garnet) laser
operating at 1.06 um, is ddivered to the soil samplevia
an opticd fiber. The soil sample will absorb the laser
pulse, heat rapidly, reduce to elemental form, and
become dectronicdly excited. When the input pulse is
removed, the excited dectrons drop to lower energy
levels with the emisson of characteristic photons. The
plasma emissonisreturned fromthe sample via asecond
fiber to a spectrometer.

Elementd andlyss is conducted by observation of the
wavd engthand intensties of the emissonlines, whichwill
depend upon the type and amount of materid present
within the plasma.  This technique has shown to be an
efective method for the quantitative anadyss of
contaminants in soils.

Bené€fits:

<Cone penetrometer (CPT) deployment of the sensor
will enable high-resolution mapping of the subsurface a
selected depth increments

<Red-time, in dtu andyds will dlow for on-dte
identification of the location of heavy-meta
contamination, thus sreamlining the remediationprocess
and reducing costs

<Low cogt, high production rate
<In dtu andyss creates minima intruson, and minimal
waste generation and minimizes worker exposure to

potentidly hazardous samples

<Rapid andyds. asngle postion can be andyzed in less
than aminute
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Status and Accomplishments:

The development of thisintegrated system took placeina
contract with a Base Phase and an Option. The Base
effort congsted of the design, construction, and evauation
of fiber optic probe(s) and smulated penetrometer
configurations to prove the feashility of the LIBS system
for the andlyss of soil samples. Probes devel oped under
the Base effort were evauated for their ability to conduct
quantitative analyss of chromium (Cr) and lead (Pb).

In the Option contract, SEA fabricated a rugged field
system which integrated the optical source and detection
equipment, optica fiber probes, and cone penetrometer.
During this Option, SEA conducted |aboratory evaluation
and optimization in preparation for field demongtration of
the entire system using a cone penetrometer vehicle,

The CPT/LIBS Systemwas successfully demondtrated at
the Chemicd Waste Landfill (CWL) a Sandia Nationa
Laboratory (SNL) outside of Albuquerque, New Mexico.
The demondtration focused on measurement of Cr as a
function of depth. The CPT/LIBS results correlated well
with data collected from past soil borings ingdled inthe
test location.

SEA aso successfully fidd-tested (deployed) two
stand-alone LIBS ingrumentsdevel oped by Los Alamos
National Laboratory (LANL): a backpack-mounted
gysem for in Stu andyss of surfidd sols and a
van-housed system for fiddd anayss of ex Stu soil
samples. This fidd test was conducted a a Formerly
Utilized Sites Remedid Action Program (FUSRAP) site
in Luckey, Ohio to evauate the beryllium concentration
insurficdd soils.

Contacts:

Steven J Saggese

Science & Engineering Associates, Inc.

Phone: (505) 346-9862
E-mail: §saggese@seabase.com

Karen L. Cohen

Nationa Energy Technology L aboratory
Phone: (412) 386-6667

E-mail: karen.cohen@netl.doe.gov

Online Resour ces:

Office of Science and Technology, Technology
Management System (TMS), Tech ID # 319
http://ogt.em.doe.gov/tms

The Nationa Energy Technology Laboratory Internet
address is http://www.netl.doe.gov

An Innovative Technology Summary Report (ITSR) for
this technology can be viewed at
http://apps.em.doe.gov/ost/pubs/itsrs/itsr319.pdf

For additiond information, pleasevist SEA’s webdte at
www.Seabase.com
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